We have localized muscarinic cholinergic receptors in the rat brainstem by a light microscopic autoradiographic method. Initially, we examined the kinetics and specificity of the binding of radiolabeled quinuclidinyl benzilate (["HIQNB) in slide-mounted, frozen tissue sections to determine that we were labeling the muscarinic cholinergic receptors as they had been described previously in biochemical pharmacological studies. Subsequently, using optimal binding parameters to obtain high specific to nonspecific ratios, we labeled tissue sections and generated autoradiograms by the apposition of emulsioncoated coverslips. We found high concentrations of autoradiographic grains associated with many nuclei in the brainstem including the superior colliculus, nuclei of the lateral lemniscus, pontine nucleus, parabrachial nucleus, trigeminal nerve nucleus (V), the tegmental nuclei, nucleus of the facial nerve (VII), the locus coeruleus, the medial vestibular nucleus, cochlear nucleus, nucleus of the tractus solitarius, and nucleus of the hypoglossal nerve (XII). We conclude that muscarinic cholinergic effects of acetylcholine are important in the normal function of both the sensory and motor systems. We speculate on the possible mechanisms of action of certain cholinergic agents, such as the mechanism of anticholinergic compounds when used to treat motion sickness or anticholinesterase poisoning.
Abstract
We have localized muscarinic cholinergic receptors in the rat brainstem by a light microscopic autoradiographic method. Initially, we examined the kinetics and specificity of the binding of radiolabeled quinuclidinyl benzilate (["HIQNB) in slide-mounted, frozen tissue sections to determine that we were labeling the muscarinic cholinergic receptors as they had been described previously in biochemical pharmacological studies. Subsequently, using optimal binding parameters to obtain high specific to nonspecific ratios, we labeled tissue sections and generated autoradiograms by the apposition of emulsioncoated coverslips. We found high concentrations of autoradiographic grains associated with many nuclei in the brainstem including the superior colliculus, nuclei of the lateral lemniscus, pontine nucleus, parabrachial nucleus, trigeminal nerve nucleus (V), the tegmental nuclei, nucleus of the facial nerve (VII), the locus coeruleus, the medial vestibular nucleus, cochlear nucleus, nucleus of the tractus solitarius, and nucleus of the hypoglossal nerve (XII). We conclude that muscarinic cholinergic effects of acetylcholine are important in the normal function of both the sensory and motor systems. We speculate on the possible mechanisms of action of certain cholinergic agents, such as the mechanism of anticholinergic compounds when used to treat motion sickness or anticholinesterase poisoning.
Acetylcholine is widely accepted as a neurotransmitter in the mammalian brain. A variety of electrophysiological, behavioral, and biochemical studies show that its involvement is widespread in the central nervous system (for review, see Phillis, 1970; Hebb, 1970 Hebb, , 1972 DeFeudis, 1974; Krnjevic, 1969 Krnjevic, , 1974 Fonnum, 1975) . The localization of cholinergic neurons was attempted by the histochemical study of acetylcholinesterase (AChE) (Shute and Lewis, 1963 , 1965 , 1967 Lewis and Shute, 1967) . Based on this, various lesion studies sometimes confirmed the existence of cholinergic pathways in the brain (Lewis et al., 1967; McGeer et al., 1969; Kuhar et al., 1973 Kuhar et al., , 1975 . Recently, more specific studies on the immunohistochemical localization of choline acetyltransferase indicate the possibility of mapping the brain for cholinergic neurons. (McGeer et al., 1974; Eng et al., 1974; Kimura et al., 1980) . A more complete description of cholinergic systems would require a knowledge of the pharmacology and location of cholinergic receptors. Thus, biochemical and cytochemical studies of receptors have been performed. For example, radiolabeled quinuclidinyl benzilate (["HIQNB) has been used in our labo- ' ratory for the light microscopic localization of muscarinic cholinergic receptors in rat forebrain (Kuhar and Yamamura, 1974 , 1976 . The present report involves muscarinic cholinergic receptor mapping in the hindbrain.
Materials and Methods
The overall light microscopic autoradiographic technique utilized involved receptor binding in vitro in slidemounted tissue sections and the generation of autoradiograms by the apposition of emulsion-coated coverslips (Young and Kuhar, 1979) . Before autoradiographic studies were performed, extensive biochemical studies on the slide-mounted tissue sections were carried out to determine optimal receptor binding conditions. Determination of optimal binding conditions. Five male, Sprague-Dawley rats (150 to 200 mg) were perfused intracardially with ice cold 0.1% formaldehyde in phosphate-buffered saline (PBS) at pH 7.4. The brains of the animals were quickly removed, sliced into approximately 5-mm sections, mounted with O.C.T. Compound (LabTek Products, Naperville, IL) onto brass chucks, and frozen by slow immersion into liquid nitrogen. Following a warming period to -2O"C, lo-pm coronal sections were cut from frontal and parietal lobe areas (which included corpus striatum) on a Harris cryostat (N. BiIlerica, MA) and the sections were thaw-mounted on chrome-alum/ gelatin-coated "subbed" slides and stored at -15°C. Binding characteristics were examined by incubating slide-mounted tissue sections (one group of sections for each time interval or concentration) in Coplin jars containing ["H]QNB in PBS. Another group of sections was incubated using the same conditions, but with 1 FM atropine added to the ["H]QNB-buffered solution. Following the incubation period, the slides were rinsed in Coplin jars containing buffer alone, and then the labeled tissue sections were wiped from the slides with glass microfiber GF/B filter discs (Whatman, England). These discs were placed in individual scintillation vials which contained 10 ml of Formula-947 (New England Nuclear, Boston, MA) and the vials were stored at 4°C overnight. Each vial then was counted in a liquid scintillation counter and the total binding (counts from tissue incubated in ["H]QNB and buffer) versus nonspecific binding (counts from tissue incubated in ["H]QNB + buffer + atropine) were compared.
Autoradiographic procedure.
For autoradiography, the optimal binding parameters determined from the dissociation, association, and saturation curves were employed to label 6-pm sections of tissue from various regions of the brainstem. Thus, sections from the brains of four animals were incubated for 2 hr at room temperature in 1 nM ["H]QNB followed by two 5-min rinses in ice cold PBS. These conditions resulted in a 80% occupancy of receptors by ["HIQNB. The slide-mounted tissue sections were dried on a cold plate by a stream of filtered air passed first through a trap cooled by a dry ice/acetone mixture, followed by passage through another trap containing Drierite (W. A. Hammond Co., Xenia, OH). The drying process was complete in about 30 sec. The slides then were stored at 4°C in boxes containing Drierite until coverslips were applied.
The coverslips employed in these studies were 25-mm x 77-mm thin flexible coverslips (No. 0, Corning Glass Works, Corning, NY) which we had coated with a uniform layer of photographic emulsion (NTB-3, Kodak, Rochester, NY) by dipping the coverslip into a Coplin jar containing the emulsion (diluted 1:l with HaO) and allowing it to dry. Under safe light conditions, the dry emulsion-coated coverslip was glued to the frosted end of the slide and clamped down onto the tissue-containing end of the slide with a piece of Teflon and a binder clip. These assemblies were stored for 2 weeks at 4°C in lighttight boxes containing desiccant. Following this exposure period, the Teflon and binder clip were removed and the coverslip was bent back (slightly) away from the tissuecontaining end of the slide and maintained in that position by insertion of a small piece of plastic between the coverslip and slide. The autoradiographic image then was developed on the coverslip by immersing the assemblies in developer and fixer. Next, the tissues were stained with pyronin Y and dried on a slide warmer for several hours, and then the coverslip was re-apposed over the tissue and mounted with Permount (Fisher Scientific Co., Fair Lawn, NJ).
Low magnification photography and examination of the tissue and autoradiograms were accomplished using an Olympus JM microscope equipped with a light base suitable for bright-field and dark-field illumination. Higher magnifications of defined areas were examined using an Ortholux II (Leitz, Wistar, Germany) microscope equipped with a Hinsch-Goldman box (Bunton Instrument Co., Rockville, MD). Grain counts were performed on the coverslip over tissue sections under brightfield illumination using a x 100 oil immersion objective lens on a standard Zeiss (West Germany) microscope and counting grains within the squares of a grid-containing eyepiece. Brainstem levels were determined by comparison with sections from diagrams by Palkovits and Jacobowitz (1974) and Konig and Klippel (1963) .
[ 
Results
Biochemical studies. Excellent results have been acquired using ["HIQNB to label muscarinic cholinergic receptors as outlined in this study. We were able to obtain specific to nonspecific ratios as high as 79:l when we were studying the binding of ["H]QNB to our tissue sections and as high as 99:l when we counted grains over specific nuclei (Table I ). Figure 1 demonstrates the dissociation of ["H]QNB binding following a 1-hr incubation in 1.0 nM ["HIQNB. Note the very rapid loss of nonspecific binding and the maintained high level of specific binding throughout the entire rinsing procedure. Figure  2 depicts the association rate of ["H]QNB with its receptor using various incubation times in a 1.0 nM concentration of ["H]QNB followed by two 5-min rinses. Equilibrium is reached after 120 min of incubation at room temperature. Figure 3 shows the rate of saturation of the tration, only a 15% displacement was noted.
Autoradiographic studies. Tissues were prepared for communication) contained a uniformly distributed low autoradiography as described under "Materials and concentration of autoradiographic grains. There were a Methods." Autoradiograms of most of the areas of brainfew exceptions, however, most notably the superior olive stem (other than those specifically mentioned in this ( of ap Figure 6 . Low magnification dark-field photomicrograph through caudal pons. In this autoradiogram, notice the heavy labeli the nucleus of the trigeminal nerve (nV) and the dorsal parabrachial nucleus (npd). In this photomicrograph, it can lpreciated that there is very little labeling of the superior olive (OS). Bar = 1 mm. ng be dense concentration) were observed over the stratum griseum mediale colliculi superioris and the stratum album mediale colliculi superioris. Very high concentrations of ["H]QNB binding sites could also be demonstrated in the midbrain in the ventral rostra1 nucleus of the lateral lemniscus (parabigeminal nucleus). This nucleus contained the highest concentration of grains when compared to all other brainstem areas examined (Table I) . Very high grain concentrations were also identified in the ventral caudal nucleus of the lateral lemniscus (Figs. 5 and 12 ) and in the gray matter surrounding the dorsal tegmental nucleus of Gudden (Figs. 6 and 12) . Somewhat lower levels of autoradiographic grains could be found over the trochlear nucleus (IV) and along the dorsal and lateral aspects of the inferior colliculus (not shown).
Intermediate concentrations of [3H]QNB binding sites were seen throughout the periaqueductal gray matter (Figs. 5 and 12) with slightly higher concentrations in the dorsal (substantia grisea centralis, pars dorsalis) and lateral (pars lateralis) portions. Intermediate grain densities were also seen in the medial raphe nucleus (Figs. 5 and 12), in caudal parts of the dorsal raphe nucleus (not shown), and over the dorsal and ventral tegmental nuclei of Gudden (Fig. 12) .
Metencephalon. The cranial nerve nuclei, trigeminal (V) and facial (VII), demonstrated very high concentrations of autoradiographic grains in sections taken through pontine levels of the brainstem (Figs. 6, 8, 12 , and 13). Ventral divisions of the pontine nuclei themselves (nucleus pontis pars lateralis and medialis) also contain very high numbers of grains (Figs. 5 and 12 ). The dorsal parabrachial nucleus was seen to have a very high number of ["H]QNB binding sites, while the ventral parabrachial nucleus demonstrated a very high concentration of autoradiographic grains in pontine levels which diminished somewhat in more rostral regions of its extent (Figs. 6, 7, and 12) . The locus coeruleus, on the other hand, had more autoradiographic grains in its rostral divisions than it did in more caudal areas (Figs. 6 and 12).
High levels of grains were found over the nucleus tegmenti pontis (Figs. 5 and 12) , the nucleus tractus spinalis nervi trigemini, pars dorsomedialis (Figs. 8, 12 , and 13), the substantia gelatinosa trigemini (Figs. 10 and 13), and the medial vestibular nucleus (Figs. 8 and 13 ). High levels of autoradiographic grains could also be seen lining the dorsolateral borders of the dorsal and ventral cochlear nuclei (Figs. 12 and 13 ).
Intermediate numbers of ["HIQNB binding sites could be demonstrated over the parvocellular reticular nucleus (Figs. 9 and 13 ), over the mesencephalic (Figs. 6, 7 , and 12) and spinal nuclei (Figs. 9,10, and 13) of the trigeminal nerve, and over the superior and lateral vestibular nuclei (Fig. 13) . A fairly uniform concentration of autoradiographic grains was also seen situated around the deep cerebellar nuclei associated with portions of the middle and superior cerebellar peduncles (Figs. 12 and 13) . Only low numbers of grains were seen associated with pontine reticular nuclei (nucleus reticularis pontis oralis, Fig. 12 ; nucleus reticularis tegmenti pontis, Fig. 12 ; nucleus reticular-is pontis caudalis,
Figs. 6 and 12; and nucleus reticularis gigantocellularis, Figs. 8, 9, and 13). The nucleus raphe pontis, nucleus parvolivaris superioris, nucleus principalis nervi trigemini (Fig. 12) , and the nucleus of the abducens (VI) nerve (not shown) were also found to demonstrate a low concentration of autoradiographic grains. Myelencephalon. The hypoglossal (XII) nucleus (Figs. 9,lg and 13) and the nucleus ambiguus (Fig. 7) contained the highest concentrations of autoradiographic grains in the medulla.
The nucleus tractus solitarius (Figs. 9 and 13)) nucleus parasolitarius, nucleus cuneatus lateralis, nucleus prepositus hypoglossi, and the nucleus reticularis lateralis (Fig. 13 ) contained high densities of ["HIQNB binding sites. Intermediate levels of grains could be localized over the gracile and cuneate nuclei (Figs. 10 and 13) , over the inferior olive (Figs. 9 and 13) and accessory olivary nuclei (pars dorsalis and medialis), and over the medullary reticular nuclei (pars dorsalis and ventralis, Figs. 10 and 13).
Low levels of grains could be seen associated with the cervical spinal cord and found a dense concentration of dorsal motor nucleus of the vagus, nucleus intercalatus, autoradiographic grains in the substantia gelatinosa (Fig.  nucleus commissuralis , and the nucleus basilaris internus 11). High levels of grains were seen over lamina IX and of Cajal (Fig. 13) .
X and over the medial portions of lamina VII and VIII. Spinal cord. We examined the upper levels of the Intermediate levels of grains existed in other portions of 
Discussion
The autoradiographic technique (Young and Kuhar, 1979) employed in this communication seems well suited for the autoradiographic localization of muscarinic cholinergic receptors using ["HIQNB. Specific to nonspecific ratios 6-fold higher than any previously reported were found routinely here. This means very precise identifications of nuclei containing muscarinic choline@ receptors could be accomplished with relatively little concern for background levels of nonspecific binding.
The ability to parallel closely the detailed biochemical results found in brain homogenate studies using QNB indicates that we are labeling muscarinic cholinergic binding sites in our tissue sections. Scatchard analysis of the binding characteristics shows an affinity and density of receptors similar to that reported in the literature for homogenates and slices (Yamamura and Snyder, 1974; Snyder et al., 1975; Yamamura et al., 1976; Hanley and Iversen, 1978) . Hill plots of the data show that the ligand is obeying classic mass action laws in tissue sections as one would expect for QNB. The displacement curves for the antagonists, atropine and scopolamine, and the partial agonist-antagonist, pilocarpine, are similar to those previously reported for QNB, especially those by Hanley and Iversen (1978) who studied binding in slices at 20°C as we have.
Our receptor localizations agree well with those of Rotter et al. (1979a, b) who employed [3H]propylbenzilylcholine ([3H]PrBCM) mustard. However, some of our findings were not reported by Rotter et al. (1979b) . For example, we found very high concentrations of muscarinic cholinergic binding sites in the dorsal parabrachial nucleus; high concentrations of grains in the ventral parabrachial nucleus, nucleus parasolitarius, and nucleus prepositus hypoglossi; and low concentrations of muscarinic choline& binding sites in the nucleus parvolivaris superioris, nucleus basilaris internus (Cajal), nucleus commissuralis, nucleus intercalatus, and the nucleus of the abducens nerve (VI). We noted relatively higher concentrations of muscarinic cholinergic binding sites in certain brain regions, such as the locus coeruleus and the nucleus tractus solitarius, and we noted the restriction of grains to subdivisions of some specific nuclei, such as the dorsal and ventral cochlear nuclei and the inferior colliculus. The present study also included an examination of the muscarinic choline@ binding sites in the spinal cord which has not been reported previously.
The technique presented here allows the localization of muscarinic cholinergic receptors with relative ease and precision because of the low background. The advantage of the ["H]PrBCM compound is that, since it binds irreversibly by forming a covalent bond, it can be used is labeling all sites with a uniform high 1979).
affinity (Hulme et al., 1978) . It is possible, however, to Reports in the literature have indicated the existence distinguish multiple agonist binding sites for muscarinic of multiple agonist binding sites for muscarinic cholincholinergic drugs, employing autoradiographic techergic agents (BirdsaIl et al., 1978) . Since QNB is a very niques as outlined elsewhere Figure 12 . Schematics of the autoradiographic grain distributions through several layers of the brainstem. The highest grain densities at these levels occurred in the superior colliculus, ventral rostral nucleus of the lateral lemniscus, pontine nuclei, dorsal parabrachial nucleus, locus coeruleus, dorsal tegmental nucleus, and the nucleus of the trigeminal nerve. Anatomically defined areas are designated according to Konig and Klippel(l963) and Palkovits and Jacobowitz (1974) . sen, 1967) via the olivo-cochlear bundle and may be involved in regulating the firing of pyramidal cells in the cochlear nuclei (Osen, 1969) . We localized high concentrations of muscarinic binding sites associated with the motor cranial nerve nuclei VII and XII. These nerves innervate skeletal musculature of the face and tongue and thus control voluntary movement of these structures. Our localization of muscarinic cholinergic receptor sites in the ventral horn of the spinal cord may also demonstrate a potential site for acetylcholine to centrally affect voluntary movement. The (Y motor neurons which innervate skeletal musculature via the spinal nerves are known to have their cell somata in the ventral horn of the gray matter. Some of the large motor neuron cell bodies have dendritic arborizations which extend out into the surrounding anterolateral funiculus. We have identified "spicules" of autoradiographic grains extending out into these white matter areas and speculate that these receptors are located on the dendrites of the (Y motor neurons.
Atropine has been shown to protect against some of the effects of toxic nerve gases (organophosphorus compounds which inhibit AChE) which have been employed as chemical warfare agents. These compounds are known to affect voluntary movements in the peripheral nervous system (and thus would not be affected by atropine) and can be protected against by administration of oximes. However, some central effects of the organophosphorus compounds can be protected against with atropine (and not by oximes since they cross the blood-brain barrier poorly), indicating the involvement of muscarinic cholinergic receptors (Wills, 1963 (Wills, , 1970 KoelIe, 1970; Brimblecombe, 1974) . Muscarinic receptors in the cortex, hippocampus, amygdala, and other areas (Kuhar and Yamamura, 1976; Rotter et al., 1979a) could explain the reversal by atropine of the confusion, convulsions, and other behavioral effects of organophosphorus compound poisoning. The major cause of death from this type of poisoning, however, results from respiratory failure which includes an atropine-reversible inhibition of the "respiratory centers" in the central nervous system. Our present localizations of muscarinic receptors in several nuclei in the brainstem known to influence respiration may account for this protective property of atropine. These nuclei include the: parabrachial nuclei (Bertrand and Hugelin, 1971) , medullary and pontine reticular formations (Waldron, 1970; Hugelin, 1977) , nucleus ambiguus (Batsel, 1964; Merrill, 1970) , and the nucleus parasolitarius (von Euler et al., 1973) .
Motion sickness is thought to result from overstimulation of the membranous labyrinth of the inner ear and anticholinergics are well known for their anti-motion sickness properties (Wood and Graybiel, 1973) which could be mediated through inhibition in the area of the vestibular nuclei. It may be important to note that, of the vestibular nuclear complex, only the medial vestibular nucleus contained high concentrations of autoradiographic grains. A similar observation was made in a previous report from this laboratory where we were able to demonstrate large concentrations of histamine-H1 receptors in the medial vestibular nucleus (Palacios et al., 1980) . Antihistaminics are also well known anti-motion sickness agents and it seems likely that both anticholinergics and antihistaminics have their anti-motion sickness properties mediated through separate receptors in the medial vestibular nucleus. The medial vestibular nucleus is significant since it is the only vestibular nucleus known to receive a descending brainstem input, that being from the interstitial nucleus of Cajal. Thus, it seems possible that the ocular manifestations of vertigo and dizziness (nystagmus) somehow involve the medial vestibular nucleus (through a feedback process) since the interstitial nucleus is involved in controlling movements of the eye due to its connections with oculomotor, trochlear, abducens, and other ocular control areas through the medial forebrain bundle (Carpenter et al., 1970) . Current trends in the therapy of aviator's motion sickness involve the administration of scopolamine (an anticholinergic) and amphetamine (Wood and Graybiel, 1973) . The effects of the amphetamine can be blocked with phenoxybenzamine, indicating the involvement of cY-adrenergic receptors. Immunohistochemical studies and fluorescent histochemical studies have indicated a lack of noradrenergic fibers in the medial vestibular nucleus (Moore and Bloom, 1978) . Previous receptor studies have also indicated few, if any, (Y receptors in the medial vestibular nucleus . Thus, it would appear that the amphetamine is having its effects at some other locus.
In this communication, we also report the association of muscarinic cholinergic receptors with many parts of the auditory pathway (dorsal and ventral cochlear nuclei, nuclei of the lateral lemniscus, and the inferior collicu1~s). A previous report from our laboratory also indicated a correlation between these nuclei and the presence of histamine receptors (Palacios et al., 1980) . However, there is one notable exception, that is the superior olive contains a high concentration of histamine receptors with few, if any, muscarinic cholinergic receptors. In the auditory system, it would appear again that histamine and acetylcholine have the potential to have closely associated affects in the same nuclei, but mediated through separate receptors.
One area of proposed functional cholinergic input is the locus coeruleus where we have observed intermediate to high levels of autoradiographic grains. The locus coeruleus has been shown to have AChE-containing cell bodies (Palkovits and Jacobowitz, 1974) as well as demonstrate a measurable concentration of acetylcholine (ACh) and choline acetyltransferase (CAT) (Cheney et al., 1975) . Some cells of this nucleus have been demonstrated to contain both AChE and catecholamines (Knight, 1970) . Presumably, these cells release catecholamines at their terminals and contain AChE for postsynaptic degradation of ACh released from afferent fibers. Microiontophoretic application of ACh onto cells in the locus coeruleus causes them to fire more rapidly (Kuhar et al., 1978) and injection of physostigmine and oxotremorine (indicating the presence of functional muscarinic cholinergic receptors) can increase the turnover of tyrosine hydroxylase (a catecholamine biosynthetic enzyme) in the locus coeruleus (Lewander et al., 1975) . Since the locus coeruleus is known for its widespread noradrenergic projections throughout the neural axis, it would seem apparent that muscarinic cholinergic inputs may be responsible for controlling some activity in this important catecholamine-distributing nucleus. This type of catecholamine control by cholinergic inputs has been proposed to exist in other regions of the nervous system (Story et al., 1975) .
Administration of cholinergic antagonists is known to produce a mild central vagal stimulation. This phenomenon could result from stimulation of muscarinic receptors that we have localized in the nucleus ambiguus and in the nucleus tractus solitarius (nts). The nts is known to influence important cardiovascular centers in the medulla (Doba and Reis, 1974) . Thus, muscarinic choline@ drugs could influence vasomotor functions and cardiac rate in this fashion. Rostral extensions of the nts represent the gustatory nucleus and receive afferents from taste receptors via cranial nerves VII, IX, and X. This area of the nts projects to the parabrachial nuclei which have also been shown to respond to gustatory stimuli (Norgren and Pfaffman, 1975; Perotto and Scott, 1976) . We found a high density of muscarinic cholinergic receptors in these nuclei as well, indicating a possible role of cholinergics in the mediation of taste. Other sensory nuclei containing significant concentrations of grains include the superior colliculus (vision), the auditory centers mentioned previously, and the dorsal column nuclei (nucleus gracilis and nucleus cuneatus) which receive tactile information and conscious proprioceptive stimuli from the periphery via the spinal cord. We also demonstrated a high concentration of muscarinic cholinergic receptors in the dorsal horn of the spinal cord. The primary sensory afferents in the dorsal roots of the spinal cord project or send collaterals to the gray matter of the dorsal horn, but these fibers have been shown to contain very little AChE and to be low in CAT activity (Feldberg, 1957; Hebb, 1963) . Thus, it would appear that the source of acetylcholine which projects to this area must originate centrally and could represent descending cholinergic control of sensory input from higher or reflex centers.
We were able to consistently note the occurrence of a small amount of specific autoradiographic grains in white matter areas such as the cerebellar peduncles. This phenomenon was noticed in previous localizations of muscarinic receptors (Rotter et al., 1979a, b) and some of the sites in the corpus callosum have been shown to be high affinity agonist sites . Binding studies have also revealed the presence of specific binding sites in white matter areas (Snyder et al., 1975) . These receptors could be in the process of transport and were localized in the severed axons present in the tissue sections or brain homogenates. Receptor transport has been shown to occur for opiate receptors in the vagus nerve and for cholinergic receptors in the splenic nerve (Laduron, 1980) and vagus nerve (J. K. Wamsley, M. Zarbin, and M. J. Kuhar, unpublished observations).
Autoradiographic localization of muscarinic cholinergic receptors as outlined in this study and elsewhere (Kuhar and Yamamura, 1974 , 1976 Rotter et al., 1979a, b) and autoradiographic localization of nicotinic cholinergic receptors (Hunt and Schmidt, 1978a, b) should prove to be a useful adjunct to other cholinergic markers in attempting to map cholinergic pathways in the central nervous system.
